Exo--1,3-galactanase from Phanerochaete chrysosporium (Pc1,3Gal43A) consists of a glycoside hydrolase family 43 catalytic domain and a substrate-binding domain that belongs to carbohydrate-binding module family 35. It catalyzes the hydrolysis of -1,3-galactan, which is the backbone of the arabinogalactan proteins; the C-terminal carbohydrate-binding module family 35 domain increases the local concentration of the enzyme around -1,3-galactan by its high affinity for the substrate. To enable phase determination using the multiwavelength anomalous dispersion method, selenomethionyl Pc1,3Gal43A was crystallized at 298 K using the hanging-drop vapour-diffusion method. The presence of selenium in the crystals was confirmed from the X-ray absorption spectrum. The crystals belonged to space group P2 1 and diffracted to 1.8 Å resolution.
Introduction
Arabinogalactan proteins (AGPs) are a family of complex proteoglycans that are widely distributed in higher plants and play important roles in plant growth and development such as root formation, promotion of somatic embryogenesis and attachment of pollen tubes (Seifert & Roberts, 2007) . The AGPs are composed of a hydroxyproline-rich core protein and large amounts of carbohydrates. The carbohydrate moieties consist of a -1,3-galactan backbone and -1,6-galactan side chains, to which l-arabinose residues and other auxiliary sugars are attached, mainly through the O-3 atoms of galactose residues (the carbohydrates in this report belong to the d series unless otherwise indicated). Because of the large number of putative protein cores and the complex structure of the carbohydrate moieties, structural and functional studies of individual AGPs are rather challenging (Fincher et al., 1974; Gaspar et al., 2001) . Hence, the structural simplification of AGPs by removal of the associated Olinked carbohydrates can provide a useful tool/methodology for investigation of AGPs.
Our laboratory has recently succeeded in cloning the exo--1,3galactanase (EC 3.2.1.145) gene from the basidiomycete Phanerochaete chrysosporium (Pc1,3Gal43A; GenBank accession No. BAD98241; Ichinose et al., 2005) . The classification of the deduced amino-acid sequence of this enzyme in the CAZy database (http:// www.cazy.org/; Cantarel et al., 2009) revealed that it consists of a glycoside hydrolase (GH) family 43 catalytic domain and a substratebinding domain belonging to carbohydrate-binding module (CBM) family 35 (formerly considered to be a member of CBM family 6; Ichinose et al., 2005) . Analysis of the recombinant protein expressed in the methylotrophic yeast Pichia pastoris demonstrated that Pc1,3Gal43A has a novel type of activity for GH family 43 and the sugar-binding properties of CBM family 35 (Ichinose et al., 2005) . Pc1,3Gal43A hydrolyzes the glycosidic linkages of -1,3-linked galactose residues at the nonreducing end of -1,3-galactan and -1,3-galactooligosaccharides and the C-terminal CBM family 35 domain is the first identified binding module to have an affinity for -1,3-linked galactan (Ichinose et al., 2005) .
In addition to exo--1,3-galactanases, GH family 43 contains various GHs such as endo--l-arabinanases, exo--l-arabinanases, -xylosidases, -xylanases and exo-1,5--l-arabinofuranosidases. To date, structural analysis of GH family 43 enzymes has revealed that these enzymes have a common five-bladed -propeller fold (Nurizzo et al., 2002) ; however, no structures of exo--1,3-galactanases have been reported.
In the present study, we prepared crystals of selenomethionyl Pc1,3Gal43A for phase determination using the multiwavelength anomalous dispersion (MAD) method, as molecular replacement using native data for Pc1,3Gal43A had been unsuccessful.
Materials and methods

Expression and purification
In order to obtain selenomethionyl Pc1,3Gal43A, the P. pastoris transformant (Ichinose et al., 2005) was cultivated in buffered minimal medium containing 1%(w/v) methanol, 0.1 mg ml À1 l-selenomethionine (SeMet), 0.09 mg ml À1 l-isoleucine, 0.09 mg ml À1 l-lysine and 0.6 mg ml À1 l-threonine as reported previously (Ishida et al., 2009) . The culture supernatant containing secreted protein was concentrated by ultrafiltration using a PM-10 membrane (Millipore, Billerica, Massachusetts, USA) and applied onto a Phenyl-Toyopearl 650S (Tosoh Corp., Tokyo, Japan) column (16 Â 180 mm) equilibrated with 20 mM sodium acetate buffer pH 4.0. The protein was eluted with a linear gradient to 20 mM sodium acetate buffer pH 4.0 containing 1 M ammonium sulfate. The eluted recombinant protein was identified by SDS-PAGE and the relevant fractions were dialyzed against 20 mM sodium acetate buffer pH 4.0. The protein solution was applied onto an SP-Toyopearl 650S (Tosoh Corp., Tokyo, Japan) column (16 Â 95 mm) equilibrated with 20 mM sodium acetate buffer pH 4.0 and the protein was eluted with a linear gradient to the same buffer containing 500 mM sodium chloride. The fractions containing recombinant protein were dialyzed against deionized water and concentrated to 11 mg ml À1 by ultrafiltration using Vivaspin 20 (Sartorius AG, Gö ttingen, Germany).
Crystallization
Sparse-matrix crystallization screening was performed with the Nextal JCSG+ suite (Qiagen, Hilden, Germany) using both the hanging-drop and sitting-drop vapour-diffusion methods with 50 and 100 ml reservoir solution, respectively. Each drop consisted of 1.0 ml (hanging-drop method) or 0.6 ml (sitting-drop method) protein solution and the same amount of reservoir solution and the crystallization plates were incubated at 298 K. Crystals were observed within 3-10 d under various conditions. The crystals used for data collection were obtained from a condition with reservoir composition 16%(w/v) polyethylene glycol (PEG) 10 000, 95 mM ammonium sulfate, 95 mM bis-tris pH 5.5 and 4.8%(v/v) glycerol.
Data collection and processing
An X-ray absorption spectrum and diffraction data for Se-MAD phasing were collected on beamline BL-6A of the Photon Factory (PF), High Energy Accelerator Research Organization, Tsukuba, Japan. The crystals were transferred to reservoir solution containing 20%(v/v) glycerol as a cryoprotectant and flash-cooled in a nitrogen stream at 95 K in nylon loops (Hampton Research, Aliso Viejo, California, USA). The X-ray absorption spectrum was determined by measuring the fluorescence signal perpendicular to the beam. A crystal from the same condition was used for multiple-wavelength data collection at 1.8 Å resolution. Diffraction data were collected with 10 s exposures using a Quantum 4R CCD detector (ADSC, California, USA) at peak, edge, high-remote and low-remote wavelengths of 0.97882, 0.97950, 0.96400 and 0.98300 Å , respectively. The oscillation angle was 1 over a total of 720 for the peak wavelength and 360 for the other wavelengths. The data were integrated and scaled using DENZO and SCALEPACK in the HKL-2000 package (Otwinowski & Minor, 1997) .
Results and discussion
Selenomethionine was found to be successfully substituted into Pc1,3Gal43A using the P. pastoris expression system, although the amount of expressed protein was less than that of the native enzyme, Crystals of SeMet-substituted Pc1,3Gal43A.
Figure 2
Se K-edge fluorescence scan of the crystal performed on beamline BL-6A at PF. which was likely to be a consequence of the toxicity of selenomethionine and the stress resulting from cultivation in the minimal medium (Larsson et al., 2002) .
Despite the multidomain structure of Pc1,3Gal43A, crystals belonging to different space groups were obtained under various conditions in the first screening, suggesting that intact Pc1,3Gal43A has lower flexibility between the catalytic core and CBM family 35 domain than expected. This finding is consistent with recent articles on the crystallization and structural determination of other GH family 43 enzymes containing CBMs (Brü x et al., 2006; Vandermarliere et al., 2007 Vandermarliere et al., , 2009 Fujimoto et al., 2009) .
Plate-like crystals (Fig. 1) of various sizes were obtained using both the hanging-drop and sitting-drop methods. The peak of 12.66 keV in the X-ray absorption spectrum corresponds to the Se K edge, indicating the presence of selenium in the crystal (Fig. 2) . The crystal diffracted to a maximum resolution of 1.8 Å and belonged to space group P2 1 . The processing statistics of the collected data are summarized in Table 1 . The Matthews coefficient (Matthews, 1968) was calculated to be 2.47 Å 3 Da À1 , corresponding to a solvent content of 50.1% and suggesting the presence of one molecule in the asymmetric unit. Structure solution is in progress. 
